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Two recent studies in Drosophila demonstrate that overexpression of proteins required for centriole duplication can not only induce centriole over-duplication in cells containing centrioles, but can also drive de novo centriole assembly in unfertilized eggs that initially lack centrioles. These studies offer a new perspective on the mechanisms that control centriole duplication.
The animal cell's primary microtubule-organizing centre, the centrosome, contains a pair of centrioles surrounded by pericentriolar material (PCM). As the number of centriole pairs determines the number of centrosomes the cell contains, the assembly of new centrioles must be under tight temporal and numerical control. At the time of DNA synthesis, each centriole duplicates to produce a mother and daughter centriole pair, which form two centrosomes to organize the mitotic spindle poles. If more than two centrosomes are present in the cell at the onset of mitosis, the cell often assembles a multipolar mitotic spindle. This inevitably leads to unequal chromosome distribution and consequent aneuploidy and genomic instability, both hallmarks of aggressive tumour cells 1 . The rules of centriole duplication seem to be quite simple: each mother centriole produces just one daughter, and it does so only once per cell cycle. However, the molecular mechanisms that govern centriole duplication have been an enduring mystery. Two recent reports 2, 3 shed new light on this subject and raise a number of fascinating questions.
Rodrigues-Martin et al. 2 overexpressed Sak/ Plk4, a kinase known to be a positive regulator of normal centriole duplication 4, 5 , in Drosophila embryos and unfertilized eggs. In early syncytial-stage embryos, increased levels of Plk4 caused the amplification of centrioles that seemed to arise from the reduplication of the sperm centrioles. Importantly, overexpression of Plk4 in unfertilized eggs, which have no preexisting centrioles because they are naturally 3 provided similar Plk4 data and additionally demonstrated that the de novo formation of centrioles in the unfertilized egg can also be induced by overexpression of either of the two centriolar proteins, Sas-6 or Sas-4. During centriole duplication, Sas-6 and Sas-4 are sequentially recruited to the forming centriole in a Plk4-dependent fashion 6 , and are essential for the formation of the central tube and subsequent assembly of centriolar microtubules respectively 7 . Intriguingly, Peel et al. also demonstrated that overexpression of Sak/Plk4 or Sas-6, but not Sas-4, induced accumulation of extra centrioles in some somatic tissues (for example, the brain), but not in the male or female germlines. In tissues overexpressing Sas-6, the supernumerary centrioles arose from more than one round of duplication within a single cell cycle.
There are some fascinating, and perhaps not fully resolved, issues raised by these two studies. One value of the studies is the new insight they provide into the relationship between the two modes of centriole biogenesis observed in nature: the duplication of pre-existing maternal centrioles, and the de novo assembly of centrioles without a pre-existing mother centriole.
Centriole reproduction in somatic cells is based on the duplication of mature 'mother' centrioles. A daughter centriole forms in close spatial association with the wall of the mother centriole, suggesting that the mother provides a singular site or 'template' that seeds growth. Mother and daughter centrioles subsequently remain attached or 'engaged' until the late steps of mitosis 8 . An obvious question is why the assembly of only one daughter centriole occurs just once per cell cycle. Recent work has lent support to the proposal that the retained attachment of the daughter centriole to the mother prevents formation of additional progeny until the daughter and mother separate at anaphase onset due to the action of the proteolytic enzyme separase, which also causes chromosome disengagement 8 . During the next cell cycle, the actual initiation of centriole duplication occurs only when cytoplasmic conditions become permissive during S phase.
In addition, and seemingly paradoxically, longstanding observations demonstrate that new centrioles can assemble without a preexisting centriole. A classic example of this process comes from mouse development, where both maternal and paternal centrioles are eliminated during gametogenesis. Although the zygote initially has no centrioles, by the 16-32-blastomere stage of development, each cell regains these organelles in proper copy number 9 . In recent years, it has also become clear that de novo assembly exists in a variety of somatic cells that normally rely on canonical template duplication 10, 11 . In somatic cells, the de novo pathway becomes active only if the resident centrioles are lost or experimentally removed from the cell. The presence of a single resident centriole is sufficient to completely suppress the de novo pathway in somatic cells 11 . When the de novo pathways becomes active, it results in the formation of a variable number of centrioles (between 1 and 14) 11 . Whether these two seemingly disparate modes of centriole biogenesis are fundamentally different or represent variations of a common pathway remains to be determined. The Rodrigues-Martins et al. and Peel et al. reports reveal that de novo assembly can be triggered by individual overexpression of proteins involved in templated biogenesis (for example, Sak/Plk4 or Sas-6), thus favouring the latter hypothesis and raising a series of issues. Although overexpression of Plk4 activates de novo assembly in unfertilized eggs that lack centrioles, this pathway remains suppressed in centriole-containing cells when this kinase is overexpressed (Fig. 1) . This inhibition could be explained by a putative difference in concentrations of regulatory components between the centrosome and the cytoplasm. However, in this case, high-level expression of Sak/Plk4 or Sas6 should result in a cytoplasmic concentration sufficient to support de novo assembly, which does not occur in the presence of a resident centrosome. What blocks the de novo assembly under these conditions? There must be an additional regulatory mechanism -perhaps based on an activity located at the resident centrosome. Another issue concerns the manner in which the unfertilized egg suppresses de novo centriole assembly, even though it contains subunit pools sufficient to make 1 × 10 13 centriole pairs. As individual overexpression of either Sas4/Plk4, Sas-6 or Sas-4 triggers de novo assembly in unfertilized eggs, this again implies that inhibition of this pathway is not due to the shortage of a particular protein, but instead to the existence of an additional centriole-independent regulatory mechanism. Although the nature of this mechanism remains a mystery, the suggestion that it exists represents a significant step forward.
Additionally, these studies provide new insights into the two different aspects of centriole duplication that must be controlled to prevent overproduction of daughter centrioles: first, what limits the number of daughters that form in association with a single mother to just one; and second, how are repetitive duplications of the same mother prevented within a single cell cycle? Overexpression of Plk4 in mammalian culture cells has been shown to induce formation of multiple centriolar precursors surrounding the mother centriole 5 that ultimately mature into morphologically complete centrioles 12 -an effect that requires Plk4 activity at the centriole 5 . This suggests that localized phosphorylation of a 'seed' on the wall of the mother centriole can initiate the growth of the daughter centriole. Excessive activity of Plk4 results in phosphorylation of multiple seeds and thus formation of multiple daughter centrioles 13 . Similar effects could be expected for Sas-6, whose recruitment to the centriole is Plk4-dependent 7, 14 . In contrast to the effects observed in mammalian cells, Rodrigues-Martins et al. and Peel et al. demonstrate that overexpression of Sak/Plk4 in Drosophila embryo and somatic cells does not induce simultaneous formation of multiple daughter centrioles. Instead, it seems to lead to repeated centriole duplication within one cell cycle. The same phenomenon was observed in live Drosophila embryos overexpressing Sas-6 (ref . 3) . Thus, the manner in which Plk4 and Sas6 influence the duplication processes for centrioles seems to be different between cells of different organisms (Fig. 2) .
Furthermore, the extent of centriole overduplication when Sak/Plk4 or Sas-6 are overexpressed varies between different Drosophila tissues: for example, when identical levels of these proteins are expressed, supernumerary centrioles readily accumulated in brain somatic cells and in unfertilized eggs, but not in spermatocytes or immature eggs undergoing oogenesis 3 . This suggests that centriole duplication is subject to additional controls that are cell-type specific. In this context, overproduction of daughter centrioles in human cells overexpressing Plk4 was enhanced if cells also overexpressed cyclin E/Cdk2 (ref. 12) or the HPV-16 E7 oncoprotein, which constitutively increases the level of cyclin E 12 . Thus, even moderate elevation of Plk4 levels in cells, coupled with higher than usual expression of proteins and kinases involved in cell-cycle regulation, can lead to centriole amplification and genomic instability.
Although the details of how Sak/Plk4, Sas6 and Sas4 participate in the formation of centrioles remain obscure, the Rodrigues-Martins et al. and Peel et al. studies demonstrate that these proteins are key players in both canonical duplication and de novo assembly of centrioles. Perhaps these two seemingly disparate pathways for centriole biogenesis are not fundamentally different: canonical centriole duplication might represent de novo assembly spatially restricted to the immediate proximity of mother centrioles inside the cloud of PCM. In the absence of resident centrioles small pieces of PCM would be spread throughout the cytoplasm providing a variable number of transient 'shelters' in which assembly of centrioles can, in principle, be initiated. In the presence of resident centrioles, these pieces of PCM are efficiently transported to the centrosome 15 , thus spatially restricting the environment in which new centrioles can form. This speculative scenario suggests a way in which the overexpression of Sak/Plk4 or Sas-6, if they were involved in the formation or stabilization of these shelters, would promote overduplication in centrioles containing cells and also de novo formation in cells lacking resident centrioles.
Extrinsic Wnt signalling controls the polarity component aPKC
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Specification of the axon and dendrites is a critical step in the development of a neuron and requires the asymmetric organization of the cell. A possible link between the extrinsic and intrinsic pathways that drive axon specification has been made with the finding that Dishevelled acts downstream of Wnt5a to activate the PAR6-aPKC-PAR3 pathway.
Neurons are highly polarized cells that consist of one long axon and multiple dendrites. Information released in the form of a chemical signal by axon terminals is received by the dendrites of another neuron and forwarded to the cell body, where it is integrated before being conveyed to the axon. In addition to their functional differences, axons and dendrites diverge in their cytoskeletal, membrane and organelle composition, as well as in their capacity for protein synthesis. A fundamental question is how axons and dendrites are specified. Although it is possible to observe the growth of living axons and dendrites in situ under specific circumstances, our understanding of the dynamic properties of developing neurons derives in great part from studies of cells in culture. Recent studies using cultured hippocampal neurons have revealed a mechanism operating at the tips of seemingly Shigeo Ohno is at the Department of Molecular Biology, Yokohama City University School of Medicine, 3-9 Fuku-ura, Kanazawa-ku, Yokohama 236-0004, Japan. e-mail: ohnos@med.yokohama-cu.ac.jp
